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Biology’s dark matter
Current knowledge of eukaryotic life is primarily informed by the study of 
plants, animals, and fungi. But these organisms are only a fraction of the 
tree of life. Hidden in the shadows is a cornucopia of mostly single-celled 
organisms called the protists that are revealing new biological insights and 
giving us a more complete understanding of ecosystems and climate change. 
Cyrus Martin reports.Microscopic beauty: Ernst Haeckel, a naturalist at the turn of the 20th century, was famous 
for his illustrative talents. In this lithographic plate taken from Kunstformen der Natur (1904), 
Haeckel has depicted a group of protists known as the radiolarians. These cells are from the 
order Stephoidea and nicely exemplify the intricacy and variety of cell shapes that protists 
adopt. (Photo: Wikimedia Commons.)Our view of biology is very much 
biased towards what we can see with 
the naked eye. It makes sense that 
we tend to focus on the conspicuous 
forms of life around us— the roaring 
lions, the soaring redwoods, the 
schooling porpoises, and certainly 
ourselves. But we are also aware 
of a vast sea of prokaryotic life 
living on and around us, inhabiting 
our skin and guts, and with which 
we maintain complex relationships 
that range from the symbiotic to 
the pathogenic. For the biomedical 
sciences, there is another form of 
bias in that attention is focused on a 
handful of model organisms, mostly 
because they are experimentally 
tractable and the processes being 
studied are homologous to those 
occurring in humans, and thus of 
medical interest. The standard work 
horses of experimental biology 
include the mouse, the fruit fly, the 
round worm Caenorhabditis elegans, 
and the single-celled fungi. However, 
in between the prokaryotes and 
the animals, plants, and fungi is an 
enormous, mostly hidden trove of 
biological diversity — the protists. 
Depending on your viewpoint, 
this lack of knowledge is either a 
problem or, for the young scientist 
looking to break open a new field, 
a huge opportunity. It is estimated 
that of the described eukaryotic 
species on the planet, more than 
95% are animals, plants, and fungi. 
But this is only a small fraction of the 
estimated diversity of eukaryotic life, 
perhaps a couple of branches on that 
mighty redwood. The rest of the tree 
comprises mostly ill-defined protist 
life forms. Some of these organisms 
are of interest to medicine because 
they cause disease but there is a 
growing appreciation of the important 
functions protists play in food webs 
and global carbon cycles. Besides Current Biology 25, R301–R327, April 20, 2015 ©that, though, these little guys are 
intrinsically interesting because they 
refuse to adhere to the standard cell 
biology text book.
Public fascination and early 
experimental model
Putting aside the telltale marks 
they leave in the environment, we 
first became aware of protists with 
the advent of the microscope. 2015 Elsevier Ltd All rights reserved R301
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Biology as art: The bizarre and fascinating shapes of protist cells have inspired artists and designers for at least a century. These lamps de-
signed by Bernotat&Co, for example, draw on Haeckel’s radiolarians. (Photo kindly provided by Marleen Sleeuwits.)Leeuwenhoek, who made some 
of the first high-quality lenses for 
microscopy in the 17th century by 
drawing out strands of molten glass 
and forming them into spheres, 
was able use his instruments to 
observe various single-celled 
beasts, some of them covered in 
‘hair’, swimming or oozing across 
their substrate and consuming their 
neighbors. These cells, observed 
in samples taken from sources 
like pond water, were referred to 
with now old-fashioned names like 
‘animalcules’ or ‘infusoria’. The 
term ‘protist’ or, more specifically, 
‘protista’ was first introduced by the 
famous naturalist/artist/polymath 
Ernst Haeckel who, among many 
other things, was recognized for 
his stunning drawings, including 
those depicting a group of protists 
called the radiolarians. Looking at 
one of Haeckel’s drawings, one is 
struck with how intricate, varied, and R302 Current Biology 25, R301–R327, April 2beautiful these single cells are. They 
look more like sculptures or pieces 
of jewelry than cells, and make the 
text book model — basically a bag of 
water with a few organelles fl oating 
around — look ridiculously simplistic 
by comparison. This beauty was not 
lost on artists and designers who even 
today use Haeckel’s drawings for 
inspiration. And as microscopes came 
within reach of the common man, a 
popular pastime in European parlors in 
the Victorian era was to view these cells 
under high magnifi cation — a kind of 
kaleidoscope constructed from nature 
(see Maderspacher, F. (2008). Curr. Biol. 
18, R10).
Aside from public fascination, 
during the early and middle part of 
the 20th century protists became 
important subjects of scientific 
enquiry. Vance Tartar and Noël 
De Terra, for example, studied 
the biology of the ciliate Stentor 
coeruleus, a funnel-shaped protist 0, 2015 ©2015 Elsevier Ltd All rights reservedcovered with beating cilia — the 
aforementioned hairs — that it 
uses to swim and direct prey into 
its gaping mouth. One particularly 
fascinating aspect of Stentor’s 
biology is that it can regenerate 
itself when sliced in half. In fact, 
even small pieces of the original 
cell can reconstitute the original 
organism. Though work on Stentor 
stopped with the death of Tartar and 
De Terra, scientists are looking to 
revive Stentor as a model, not least 
of the reasons for doing so being its 
potential relevance to regeneration 
and aging (for more on Stentor, see 
Slabodnick, M.M., and  Marshall, W.F. 
(2014). Curr. Biol. 24, R783–R784).
Ciliates have continued to 
contribute to major advances in our 
understanding of basic biological 
processes. It was in the ciliate 
Tetrahymena, for example, that 
Nobel-prize-winning work leading 
to the discovery of telomerase, the 
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The great unknown: In this eukaryotic tree of life, we can see the great diversity of eukaryotic 
organisms. Each branch shown is adjusted in thickness to refl ect the number of genomes cur-
rently available for that particular lineage. Dotted lines indicate that there is no genome avail-
able. What is clear is that most of our knowledge derives from plants, animals and fungi. For 
the other branches, which together comprise the protists, we have very little information. The 
data that are available are from either medically relevant organisms or photosynthetic protists. 
Note, for example, the thickness of the alveolate branch, which includes the malaria-causing 
apicomplexans. (Figure reproduced with permission from P. Keeling.)enzyme that makes the replication 
of chromosome ends possible, was 
performed. In this case, the stubby 
chromosomes of the organism 
made studying telomere replication 
easier. Likewise, the amenability 
of Tetrahymena to biochemistry 
facilitated work on RNA splicing that 
led to the discovery that RNAs can 
function as enzymes (ribozymes), 
a breakthrough that was awarded 
another Nobel. More recently, work 
in the ciliate Oxytricha trifallax 
has revealed a bizarre process of 
genome re-arrangement directed by 
small RNA molecules. In O. trifallax, 
like other known ciliates, many of 
the genes are fragmented and have 
to be stitched together in each 
generation to create functional 
genes. A series of studies have 
shown that the correctly re-arranged 
genome in the previous generation is 
used as a template to produce a set 
of small RNAs that help re-assemble 
the genetic jigsaw puzzle. Why such 
a complex process evolved is unclear 
but it nicely serves to highlight some 
of the fascinating biology that work 
on protists can reveal.
Eukaryotic evolution and diversity
The ciliates are just one group 
nested within a larger group known 
as the alveolates, which includes 
the organisms that cause malaria 
and the algae that form symbiotic 
relationships with corals. Stepping 
still further back, we can see 
that the alveolates are joined by 
several huge super groups that 
together comprise the protist 
portion of the eukaryotic tree of 
life. Depending on how species 
are defined, protists could account 
for over 75% of the eukaryotic 
diversity found in nature, and this is 
probably a conservative estimate. 
This diversity is characterized by 
various lifestyles. Examples include 
photosynthetic algae living in the 
ocean and in freshwater lakes and 
rivers, predators such as the ciliates 
that feed on bacteria and other 
protists, and parasites such as the 
kinetoplastids that cause sleeping 
sickness. While most protists are 
single celled, several lineages 
have evolved multi-cellularity 
independently from one another and 
animals. One example is the kelps, which include some of the largest 
organisms on the planet.
Our understanding of protist 
diversity is coming into better 
focus in part due to genomics, in 
particular efforts to sequence DNA 
from the environment. Recent work 
on the vampyrellids offers a striking 
example. The vampyrellids are a 
group of protists that belong to the 
supergroup Rhizaria, which also 
includes Haeckle’s radiolarians. The 
name ‘vampyrellid’ comes from their 
unusual feeding mode in which they 
pierce through the surface of their 
prey — usually another protist  — and 
siphon out their contents. Historically, 
only a handful of species were 
known from terrestrial and freshwater 
environments. But, recently, David 
Bass and colleagues from the Natural 
History Museum in London were able Current Biology 25, R301–R327, April 20, 2015 ©to retrieve vampyrellid DNA encoding 
the small ribosomal subunit from 
a variety of sources, including the 
oceans. Astonishingly, their analysis 
suggests that the diversity within 
this one group equals that of the 
entire kingdom of fungi, and they 
are found in all corners of nature, 
from the oceans to terrestrial soils. 
While much remains to be learned 
about the ecological roles of the 
vampyrellids, Bass noted, “They are 
likely to have a high impact on algal 
populations”, adding, “Given their 
omnivory and the biomass each 
cell can ingest, and their ability to 
penetrate resistant cell/spore walls, 
in combination with their diversity, 
they are likely to be important food 
web components”. While the case 
of the vampyrellids is noteworthy, 
researchers believe that similar levels 2015 Elsevier Ltd All rights reserved R303
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Endosymbiont or organelle? The chroma-
tophores of the protist Paulinella chroma-
tophora, shown in green, are closely related 
to free-living cyanobacteria. But some chro-
matophore genes have moved into the host 
genome, and the protein products are trans-
ferred back to the chromatophore. These 
features suggest to some that the chromato-
phore should be considered a true organelle, 
and researchers now are looking to Paulinella 
chromatophora to better understand organelle 
evolution. (Image courtesy of E. Nowack.)of diversity exist in many other protist 
groups.
As molecular data from organisms 
like the vampyrellids comes pouring 
in, we are starting to get a handle 
not only on the amount of diversity, 
but also on the evolutionary 
relationships among these organisms 
thanks to phylogenetic studies. 
Understanding these relationships 
is important for several reasons, 
but perhaps the most fundamental 
problem it has bearing on is the 
evolution of the eukaryotic cell 
itself. Up until quite recently, for 
example, it was thought that several 
protists that lacked mitochondria 
might be related to one another 
and representative of a primordial 
eukaryotic cell. Phylogenetic studies, 
however, showed this hypothesis 
to be untrue and suggested instead 
that these primitive-looking features 
were more recently evolved. The 
upshot appears to be that these and 
in fact all known eukaryotic cells 
descend from a rather complex cell. 
As Sandra Baldauf, an investigator 
at Uppsala University in Sweden 
who is interested in eukaryotic 
evolution, explains, “Nearly all of 
the features we consider defining 
features of eukaryotes appear to 
have been present in the eukaryote 
last common ancestor. This includes 
mitochondria, cytoskeleton, golgi, R304 Current Biology 25, R301–R327, April main components of nuclear pore 
complex, flagella, and meiosis.”  
While these insights represent 
a big step forward, Baldauf 
conceded that significant gaps in 
our understanding remain, saying, 
“the lack of intermediate states is 
maybe a bit disappointing but also 
intriguing in its own right”, referring 
to the lack of organisms that could 
bridge the evolutionary gap between 
prokaryotes and eukaryotes.
Endosymbiosis and organelle 
evolution
An important defining feature of 
the eukaryotic cell is its organelles, 
and research on protists has been 
essential for our understanding of 
organelle evolution. The chloroplast 
is an excellent case in point. At some 
point in history, the common ancestor 
of green, red, and glaucophyte algae 
engulfed a photosynthetic bacterium, 
which became an endosymbiont 
and eventually evolved into the 
chloroplast as we know it. What 
the latest research is telling us is 
that, like Russian dolls, there were 
a series of secondary and even 
tertiary endosymbioses in which 
other protists engulfed these algae 
to acquire photosynthesis. In this 
manner, photosynthesis spread 
horizontally across the tree of life. 
Relicts of these ancient events can 
be seen most clearly in cases where 
there are remnant membranes and 
even derelict nuclei left over from 
the engulfed algal cells. In many 
of these protists, the chloroplast 
has retained its ancestral functions 
in photosynthesis, but in other 
cases, such as in the parasites that 
cause malaria, the organelle has 
degenerated, losing photosynthetic 
functionality but retaining other 
features.
The antiquity of the endosymbiosis 
that gave rise to the chloroplast 
makes it extremely difficult to 
understand how it evolved. We know 
that many of the genes present in 
the original endosymbiont have 
either been lost or moved to the host 
genome, with protein products being 
transported back to the chloroplast. 
But what are the steps necessary for 
this to occur? Perhaps one of the 
more exciting developments relevant 
to this question has come from work 20, 2015 ©2015 Elsevier Ltd All rights reservedon the euglyphid amoeba Paulinella 
chromatophora. This rhizarian 
protist harbors an entity called the 
chromatophore in its cytoplasm that 
provides the host cell with energy 
in the form of photosynthesis. The 
chromatophore is very closely related 
to free-living cyanobacteria, but, 
unlike its autonomous cousins, the 
chromatophore is integrated with 
the host cell on multiple levels. For 
example, similar to chloroplasts, the 
host appears to precisely control 
the division and segregation of the 
chromatophore. And, furthermore, 
at least some genes have moved 
from the chromatophore to the 
host genome. Eva Nowack at 
the University of Düsseldorf in 
Germany, and her colleagues, who 
have done much of the recent 
work on Paulinella chromatophora, 
elaborated, saying “we found that at 
least some 30 nuclear genes resulted 
from endosymbiotic gene transfers. 
For three nuclear genes encoding 
low molecular weight subunits 
of photosystem I, psaE, psaK1, 
and psaK2, we found that their 
gene products are synthesized on 
cytoplasmic ribosomes and imported 
into the chromatophore”. Nowack 
added, “So far it is unclear to what 
extent cytoplasmically synthesized 
proteins get imported into the 
chromatophore. Probably much less 
than in chloroplasts. Nevertheless, 
the import of three photosystem 
I subunits demonstrates that the 
chromatophore is genetically 
integrated into the host cell and has 
to be considered an organelle rather 
than an endosymbiont.”
In a sense, the chromatophore 
can be thought of as a living fossil, 
representing a transitional form from 
endosymbiont to organelle. One can 
then see why those interested in 
how the chloroplast evolved are so 
keen on Paulinella. But in addition 
to providing insight into chloroplast 
evolution, researchers are also 
excited by the prospect that the 
chromatophore’s independent origin 
might also reveal different solutions 
to the same problem. To get at both 
of these issues, Nowack says, “We’re 
currently working on the nuclear 
genome of Paulinella. I think from the 
upcoming results we’ll learn in much 
more detail about components of the 
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Mini-algae: The algae in the ocean, such as the coccolithophores that likely created this bloom in the Barents sea (left), fi x half of the carbon 
dioxide in the atmosphere. There is a growing realization the tiny eukaryotic algae, some the size of bacteria, play an important, previously 
unappreciated role in marine ecosystems. One example is the motile green algae Micromonas (right), which is less than 2 micrometers in diam-
eter. In this small space, Micromonas manages to pack a single chloroplast, shown in dark green. The white in the center of the chloroplast in 
a starch granule. (Photo on left: Wikimedia Commons; image on right courtesy of A.Z. Worden, T. Deerinck and M. Ellisman.)molecular mechanisms that are used 
to integrate a bacterial endosymbiont 
and transform it into a eukaryotic 
organelle.”
Tiny green protists take center 
stage
The vertical and lateral movement of 
chloroplasts across the eukaryotic 
tree has resulted in the creation of 
a diverse array of photosynthetic 
organisms that, together with 
cyanobacteria, fix approximately 
half of the carbon dioxide in the 
atmosphere. The other half is 
contributed by terrestrial plants. 
Of the single-celled eukaryotes 
(i.e., protists) living in the oceans, 
examples include familiar organisms 
such as the coccolithophores that 
form chalk deposits exemplified by 
the cliffs of Dover in England, or 
the diatoms that fascinated early 
microscopists. But there is a growing 
realization that a class of tiny marine 
protists called the picoeukaryotes 
play a crucial function in marine 
ecosystems. Some of these 
cells push the boundaries of our 
conception of a eukaryote.
At the extreme end of the 
miniaturization trend is Ostreococcus 
tauri, an alga that was discovered 
in a French lagoon in 1994. This 
pint-sized cell is 0.8 micrometers in diameter, basically the size of a 
typical bacterium. Everything has 
been economized in Ostreococcus 
tauri. Its genome, for example, is 
only ~10 megabases, which can be 
contrasted with some dinoflagellate 
genomes that exceed 100 gigabases. 
And Ostreococcus tauri only has 
space for single copies of its 
chloroplast and mitochondrion. It 
even has to skimp on its mitotic 
spindle, somehow managing to 
segregate all of its chromosomes 
with fewer than one microtubule per 
chromosome. Its small size relative 
to other eukaryotic phytoplankton, 
however, should not lead to an 
underestimation of its importance, 
as surveys have found that two 
other Ostreococcus species are 
widely distributed in various corners 
of the oceans and can contribute 
significantly to primary productivity. 
The last decade has seen the 
discovery of a number of tiny algae 
that like Ostreococcus appear 
to be significant players in the 
ocean. But as Alexandra Worden, 
an expert in marine microbes and 
carbon cycling at the Monterey 
Bay Aquarium Research Institute, 
explains, these discoveries were 
initially slow in coming. Worden 
says, “Low numbers and extreme 
diversity made it difficult to write Current Biology 25, R301–R327, April 20, 2015 thoughtful papers on picoeukaryotes 
early on, since cyanobacteria (the 
‘other’ picoplankton) were much 
more abundant and easy to identify 
at least to the genus level — by 
many different methods.” Worden 
added, “for the eukaryotes it was 
necessary to (A) figure out the 
diversity and (B) do fluorescence in 
situ hybridization — and then even 
with all this work the statistics were 
not good because numbers were 
generally low due to restrictions in 
filtration times and volumes while 
working at sea.”
The tide began to change when 
cheap DNA sequencing technology 
became widely available. This 
advance, combined with the ability 
to sort different picoeukaryote 
classes at sea, enabled researchers 
like Worden to find these needles 
in the haystack of prokaryotic cells 
living in the oceans. Though small 
relative to other eukaryotes, the 
picoeukaryotes are generally larger 
by biovolume than photosynthetic 
bacteria and thus likely maintain 
an equal footing with them in terms 
of primary productivity despite 
their lower abundance. Though it is 
clear that these newly discovered 
picoeukaryotic algae will have an 
impact on carbon cycles, quantifying 
that impact will depend on a better ©2015 Elsevier Ltd All rights reserved R305
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On a mission to understand plankton: In 2012, the schooner TARA returned to port after the largest ever effort to survey the ocean’s plankton 
communities. Scientists are now in the process of analyzing the huge amounts of data generated. One of the goals is to acquire many more protist 
genomes, which has been aided by the ability to sequence genomes from single cells. (Photo credit: J.Girardot/Tara Expéditions.)understanding of their cell biology. 
Worden explained that even basic 
information, such as the growth rate 
of such cells, is often unknown.
Looking to the future
So what is the next step? Previous 
‘metagenomics’ studies surveyed 
individual genes in the environment, 
but to get a true understanding of 
protist diversity and a first glimpse 
of their unique biology, researchers 
say that full genomes and 
transcriptomes are needed. This is 
not a trivial task. Even with the new 
sequencing technologies in hand, 
most high-quality genomes have 
required that the protist in question 
be available in culture collections. 
But unlike the prokaryotic research 
communities, which have invested 
in creating comprehensive culture 
collections, for protist researchers 
such resources are not available. 
And those cultures that do 
exist are heavily skewed toward 
photosynthetic protists, leaving 
important gaps in our knowledge of R306 Current Biology 25, R301–R327, April 2heterotrophic protists, which feed on 
other cells, and mixotrophic protists, 
which exhibit a mix of feeding 
strategies. 
It is difficult to culture non-
photosynthetic protists because the 
conditions necessary to support 
them are usually unknown, and these 
protists are often contaminated by 
their prey. In some cases, as in the  
recent work on vampyrellids, there 
has been progress but, until better 
methods are available, researchers 
are looking for workarounds. Towards 
the goal of sequencing more protist 
genomes, scientists have turned 
to single-cell techniques that do 
not require culturing. As a proof of 
principle, Keeling and colleagues, 
for example, recently showed that 
transcriptomes can be reliably 
produced from individual ciliate cells  
(Kolikso, M. et al. (2014). Curr. Biol. 
24, R1081–R1082). These techniques 
are now being applied more broadly. 
In 2012, the schooner TARA returned 
to France after circumnavigating 
the globe to survey world-wide 0, 2015 ©2015 Elsevier Ltd All rights reservedplankton communities, the largest 
such endeavor in history. In the 
last two years, researchers have 
been busily analyzing the enormous 
amount of data that came out of the 
expedition and part of this effort is 
the acquisition of complete genomes 
using DNA amplified from single 
cells.
Genome sequences are only the 
first hurdle towards a comprehensive 
understanding of protist cell biology. 
Scientists are especially eager to 
understand how protists fit into 
food webs. But, as with genomic 
sequences, our knowledge of non-
photosynthetic protists is especially 
lacking. Important questions include 
what cells these protists prey upon, 
and in turn, what preys on them. As 
argued in a recent review in Science, 
detailed information about how 
protists in general, but non-photo-
synthetic protists in particular, fit 
into food webs will be crucial for 
developing more accurate models of 
both global carbon cycles and climate 
change (Worden et al. (2015). Science 
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The volcanic island of El Hierro hosts 
the most southern and the most 
western points of Spain. As such, it 
served as Meridian to geographers 
since Ptolemy, until Greenwich took 
over that role. As the smallest of 
the Canary Islands and a UNESCO-
protected biosphere reserve, it has 
largely escaped mass tourism. It 
should, however, attract those travellers 
who want to know how a future with 
100% renewable energy is possible. 
In 2011, the island’s just over 10,000 
inhabitants set out to completely 
decarbonise their electricity provision, 
a milestone which they attained last 
year. Five large wind turbines with a total 
capacity of 11.5 MW provide all of the 
island’s electricity. A pumped-storage 
hydroelectric plant using the height 
difference of 700 metres provided by the 
island’s volcano stores excess energy and 
fi lls in any gaps. Sea water desalination 
plants can also help the buffering by 
making use of excess electricity. 
Installing this green energy 
infrastructure cost reportedly close 
to $100 million, i.e. $10,000 per head 
of the population, half of which was 
provided by the EU. Due to the high 
cost of shipping fuel to small islands, 
however, the savings will recoup the 
cost in a matter of years, after which 
the income from electricity bills will be 
fed back into the local infrastructure 
and economy. The next challenge the 
Twenty-fi ve years of climate change 
failure
A quarter-century after the Intergovernmental Panel for Climate Change (IPCC) 
completed its fi rst assessment report, and two decades after the fi rst ‘Conference of 
the Parties’ meeting at Berlin, the world is no closer to averting catastrophic climate 
change. During this time, CO2 emissions have only gone up and governments have 
relinquished regulatory power over companies. Therefore, campaigners are now 
targeting the companies themselves and calling for organisations to withdraw their 
invested funds from the fossil fuel industry. Michael Gross reports. 
Meridian Island: The island of El Hierro, Spain, was once the westernmost point of the known 
world and thus the reference point for geographers. Now it is the largest landmass to produce its 
electricity entirely from renewable energy. (Photo: Carlos Teixidor Cadenas.)
Feature347. doi: http://dx.doi.org/10.1126/
science.125759).
Opportunities
There is no doubt that standard 
animal models will continue to 
dominate the research landscape. 
These experimental systems will 
be essential to solve some of the 
biggest problems left uncracked 
in biology. Such problems include, 
for example, the goal of achieving 
a comprehensive understanding of 
higher brain functions. But there is an 
argument that, in other areas, we are 
seeing progress tailing off. The 50s, 
60s, and 70s, for example, witnessed 
the incredible molecular biology 
revolution in which the details of how 
the genetic material is replicated 
and expressed were worked out. 
Do we know how an organism is 
built from a genome? Maybe not, 
but there is a case to be made 
that the fundamental principles are 
understood, at least in broad outline 
(see North, G. (2010). Curr. Biol. 20, 
R1049–R1051). 
For those interested in breaking 
new ground, protists offer an exciting 
research opportunity. Certainly many 
of the essentials in the toolkit of life 
are conserved in protists generally, 
but there are likely to be many 
interesting surprises, such as the 
complex genome re-arrangements 
seen in ciliates or, for example, the 
problem of how Ostreococcus tauri 
segregates its chromosomes with a 
few measly microtubules. Given all of 
the unstudied diversity in the protist 
world, we are likely just scratching 
the surface in terms of interesting, 
new biological problems. Beyond 
their intrinsic interest, however, 
it is important to emphasize that 
the protists likely play a crucial 
function in global carbon cycles, as 
seen in the latest work on marine 
picoeukaryotes. So, getting a handle 
on the players and their biology 
will be important in more weighty 
problems, such as the building of 
models that can accurately predict 
future climate change. The young, 
adventurous biologist will be relieved 
to know that there is still much left to 
be discovered.
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